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   bjectives: The present in vitro study was designed to compare the differences in the vertical misfit of implant-supported frameworks using three
different forces for tightening the bridge locking screws: fastening by hand until first resistance, and using torque drivers with 10 and 20Ncm. Methods:
The investigation was conducted based on the results given by 9 six-unit nickel-chromium (2 abutments/ 4 pontics) screw-retained implant-supported
frameworks. The structures were exposed to simulated porcelain firings. The marginal misfit measurements were made using a traveling measuring
microscope at selected screw tightening forces: fastening by hand until first resistance, and using torque drivers with 10 and 20Ncm. The results were
submitted to one-way ANOVA with repeated measures on one factor, and post hoc pairwise comparisons using Tukey test (5%).
Results: The mean marginal misfit of the frameworks, fastening the screws by hand until first resistance, was 41.56µm (SD±12.45µm). The use of
torque driver devices caused a significant reduction in marginal opening (p<0.05). With the lowest torque available (10Ncm), the mean marginal
discrepancy at the abutment-framework interface was reduced an average of 52% to a mean marginal opening of 19.71µm (SD±2.97µm). After the
use of the 20Ncm torque driver, the mean marginal discrepancy of the frameworks was reduced an average of 69% to a mean marginal opening of
12.82µm (SD±4.0µm). Comparing the use of torque drivers with 10 and 20 Ncm torque, the means are not significantly different from one another.
Conclusion: The seating force has an important effect on the vertical misfit measurements, once it may considerably narrow the vertical misfit gaps
at the abutment-framework interface, thus leading to a misjudgment of the real marginal situation.
Uniterms: Dental implants; Osseointegration; Implant-supported dental prosthesis; Torque, misfit.
  presente estudo avaliou o efeito da força de aperto de parafusos de retenção na desadaptação marginal de próteses sobre implantes. A
investigação foi conduzida baseada em resultados fornecidos por nove estruturas metálicas implanto-suportadas de seis elementos (02 retentores
e 04 pônticos), retidas por parafusos. A mensuração da desadaptação marginal foi realizada com auxílio de microscópio óptico, nos seguintes
momentos: M1: aperto com chave manual até a primeira resistência do parafuso; M2: aperto utilizando torquímetro mecânico com 10Ncm e M3:
aperto utilizando torquímetro mecânico com 20Ncm. As médias de desadaptação foram submetidas à análise estatística (ANOVA e Tukey). O
emprego de torquímetros mecânicos, independente do valor de torque, determinou redução significativa na abertura marginal (p<0,05). A
desadaptação média na interface conexão/prótese em M1 foi de 41,56µm (DP±12,45µm). O emprego do torquímetro de 10Ncm (M2), reduziu
52% desta fenda marginal, para uma média de desadaptação de 19,71µm (DP±2,97µm); enquanto o torquímetro de 20Ncm (M3) reduziu 69% da
desadaptação marginal, para uma média de 12,82µm (DP±4,0µm) os de retenção de próteses implanto-suportadas tem importante efeito na
mensuração da desadaptação marginal, uma vez que pode modificar consideravelmente as aberturas na interface conexão/prótese.
Unitermos: Implantes dentários; Osseointegração; Prótese dentária fixada por implante; Torque, desadaptação.
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INTRODUCTION
Implant restorations can be either screw or cement-
retained. Screw-retained designs have a well-documented
history of success. Implant biomechanics investigations
have focused on this kind of restoration, which is designed
to provide predictable retrievability and abutment-restorative
joint integrity 9,18.
An accurate fit between the implant abutment and the
superstructure in screw-retained implant prostheses is very
important. Poorly fitting implant frameworks can potentially
cause uneven thread contact, tension, and bending stresses
of the connecting screw, therefore resulting in screw
loosening and fractures, and marginal peri-implant bone loss
3. These problems are induced by static forces caused by
the tension in the bridge locking screws when securing a
misfitting framework to the implants 12.
The seating force used to place the frameworks on the
abutments may have an important effect in vertical
measurement investigations. A large range of seating forces
has been used in previous fit studies 3,23,28, but no optimal
value has been proposed. The use of torque drivers to
tighten the superstructure screws, even with the lowest
torque available (10Ncm) using the manufacturer’s torque
driver, may considerably narrow the vertical misfit gaps at
the abutment-to-cylinder interface. In vitro studies have
shown that vertical gaps may be closed by flexure in the
framework and anchorage unit components when the bridge
locking screws are tightened to the correct preload level
12,17,21.
This significant decrease in the marginal opening from
screw tightening is associated with higher stress in screw-
retained restorations leading to a misjudgment of the real
marginal situation and substantially increasing the fatigue
of the components, resulting in loosening or fracture of the
prosthesis or abutment screws, distortion or breakage of
the restoration, and marginal peri-implant bone loss 9,28.
The present in vitro study was designed to compare the
differences in the vertical misfit of implant-supported
frameworks using three different forces for tightening the
bridge locking screws: fastening by hand until first
resistance, and using torque drivers with 10 and 20Ncm.
MATERIALS AND METHODS
The condition simulated for evaluation in this study was
a mandibular anterior quadrant to be restored with a six-unit
FPD screw-retained on implants. An acrylic resin model
(Figure1) was fabricated with two external hex cylinder
implants (4.0 mm diameter, 15.0 mm length; Master Screw –
Conexão Sistemas de Prótese – São Paulo, Brazil) placed in
the right and left canine area (sites 33 and 43), parallel and
22mm apart from each other from center to center. This model
served as an index for marginal misfit measurements.
Abutments were connected to the implants (Micruscone –
138023 – Conexão Sistemas de Prótese – São Paulo, Brazil)
by fastening screws with a torque wrench using 20Ncm
torque. Impression posts (141000 – Conexão Sistemas de
Prótese – São Paulo, Brazil) were attached to the abutments,
and a silicone impression (Express – 3M – São Paulo, Brazil)
was made using a custom resin tray suitable for the master
cast. After the impression posts and the abutment analogs
(143000 - Conexão Sistemas de Prótese – São Paulo, Brazil)
were connected, they were returned to the impression, which
was poured in stone (Durone – Dentsply – Petrópolis, Brazil)
to make the working cast.
Ten implant-supported frameworks were fabricated on
the working cast. For fabrication of standardized wax pattern
for the FPD, the castable plastic cylinders (149001 – Conexão
Sistemas de Prótese – São Paulo, Brazil) were placed on the
analogues and hand tightened until resistance was felt.
Teeth were fashioned in inlay wax in an anatomically correct
manner. A condensation silicone mold (Express – 3M – São
Paulo, Brazil) was fashioned over this FPD wax pattern to
allow for multiple FPD pattern replications.
The investment, burnout and casting techniques were
standardized. Patterns were sprued and invested in pairs in
a phosphate-bonded investment (Belavest SH – Bego –
Bremen, Germany) according to a 1-piece casting technique.
Following bench curing and burnout, the investment rings
were cast in a nickel-chromium alloy (Wironia - Bego–
Bremen – Germany).
Divesting was completed in the usual manner with
minimum use of aluminum oxide air abrasives on critical
interfaces. Burs were used under laboratory microscope to
eliminate internal casting inaccuracies. Protective polishing
caps (abutment analogues - 143000 - Conexão Sistemas de
Prótese – São Paulo, Brazil) covered the interfaces and
reduced the risk of inaccuracy. In this occasion, one FPD
was discarded because of casting problems.
Nine frameworks (Figure 2) were exposed to six simulated
porcelain-firing cycles (two opaque firings, three body
firings, and one glaze firing).  However, porcelain was not
applied. All samples were allowed to cool to room
temperature before the next firing cycle began.
The marginal misfit measurements were made using a
traveling measuring microscope (Sprint 100 - RAM Optical
Instrumentation – Irvine, CA - USA).  Six marks were made
FIGURE 1-  Acrylic resin model with two external hex cylinder
implants. Abutments were connected to the implants
121
THE INFLUENCE OF DIFFERENT SCREW TIGHTENING FORCES ON THE VERTICAL MISFIT OF IMPLANT-SUPPORTED FRAMEWORKS
in each abutment to standardize the microscope
measurement points. Three were made on the buccal surface
and three on the lingual surface, adding up to twelve reading
points for each framework. The frameworks were positioned
on the abutments of the acrylic resin model by fastening
titanium screws, always by the same investigator, using
three different forces for tightening the bridge locking
screws:
1. Using a hand-operated screwdriver (060300 -
Conexão Sistemas de Prótese – São Paulo, Brazil) until the
screws started to offer resistance, based on tactile sensation;
2. Using a mechanical torque-controlling device with
10Ncm (400000 - Conexão Sistemas de Prótese – São Paulo,
Brazil);
3. Using a mechanical torque-controlling device with
20Ncm (400000 - Conexão Sistemas de Prótese – São Paulo,
Brazil).
Measurements were made for the three different torque
moments. The marginal gap size was measured in
micrometers under 230x magnification (Figure 3). Data were
analyzed to determine the mean marginal openings and
standard deviations for each of the 9 FPD using the three
different tightening forces. The results were submitted to
RM ANOVA and Tukey test (5%).
RESULTS
The mean marginal misfits of the frameworks (in
micrometers), using the three different forces for tightening
the bridge locking screws, are summarized in Table 1. The
mean marginal opening, fastening the screws by hand until
first resistance, was 41.56µm (SD±12.45µm). Upon screw
tightening using torque driver devices, margins closed
significantly (RM ANOVA, Fdf (2; 16) = 49.40; p = 0.001). With
the lowest torque available (10Ncm), the mean marginal
discrepancy at the abutment-framework interface was
reduced an average of 52% to a mean marginal opening of
19.71µm (SD±2.97µm). After the use of the 20Ncm torque
driver, the mean marginal discrepancy of the frameworks
was reduced an average of 69% to a mean marginal opening
of 12.82µm (SD±4.0µm). Comparing the use of torque drivers
with 10 and 20 Ncm torque, the means are not significantly
different from one another (Figure 4).
DISCUSSION
The seating force has an important effect on the vertical
misfit measurements, since it may considerably narrow the
vertical misfit gaps at the abutment-framework interface 9,12,28.
Few studies have attempted to correlate implant prostheses
misfit related to different seating forces used to place the
samples on the abutments before microscope measurements.
A large range of seating forces has been used in previous fit
FIGURE 2- Labial view of cast framework
FORCES N   MEANS SD
Manual 9 41.569µm ±12.450µm
10NCm 9 19.717µm ±2.9773µm
20Ncm 9 12.820µm ±4.0007µm
TABLE 1-  Mean values and standard deviations of vertical
misfit of samples, using three different forces for tightening
the bridge locking screws
FIGURE 3- Vertical misfit gap size at the abutment-
framework interface, measured under 230x microscope
magnification (abutment is below)
FIGURE 4- Graphic presentation of mean marginal misfit
for each force used. Columns with the same letter do not
differ one from the other at 5% level of significance (Tukey
test)
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studies 3,23,28, but no optimal value has been proposed.
When two components are tightened together by a
screw, this unit is called a screw joint. The clamping force
needed to keep the components tightly together under static
and dynamic conditions is called preload 1,22. When the
prosthesis does not make complete contact with the
abutment, there will be a gap between all or part of the
matching surfaces. If there is no contact, the preload is used
to bring the matching surfaces closer together, and perhaps
into contact. In this situation, virtually no fatigue protection
is obtained because any external load applied to separate
the prosthesis from the abutment causes further tension in
the screw and is not dissipated by relieving compressive
stresses in the clamped parts, resulting in screw loosening
and fractures 3,13,28. The introduction of a 100mm discrepancy
in the in vitro model results in a change in the external preload
(the static axial force and bending moment acting between
the implant and the prosthetic construction due to misfit) of
approximately 200N per abutment 21.
In the present investigation, microscopic evaluation of
the marginal discrepancy was used to determine whether
differences existed between three screw tightening forces
(fastening by hand until first resistance, and using torque
drivers with 10 and 20Ncm) used to place the frameworks on
the abutments, prior to the microscope measurements.
Measurement data were obtained by positioning the samples
under the microscope so that the marginal area of the
implant-restoration junction was viewed from a directly
perpendicular perspective. Other investigators 10,14,15,28 have
also used this methodology. It allows the measurement of
marginal discrepancy in a nondestructive format with
multiple readings on the samples. Although there are many
ways to assess three-dimensional fit of prostheses to
abutments, the sophisticated testing equipment required
for such testing is not readily available 10,12. The use of more
common measuring techniques still provides information
on the relative fit or misfit of prosthesis while recognizing
the fact that this is not as precise as the other methods 10.
The results of this investigation showed that the use of
a torque driver, even with the lowest torque available
(10Ncm), may considerably narrow the vertical misfit gaps
at the abutment-framework interface. Mean marginal
opening, fastening the screws by hand until first resistance,
was 41.56µm (SD±12.45µm). Screw tightening using torque
driver devices caused a significant closure in the mean
marginal openings (p<0.05). With the lowest torque available
(10Ncm), the mean marginal discrepancy at the abutment-
framework interface was reduced an average of 52% to a
mean marginal opening of 19.71µm (SD±2.97µm). After the
use of the 20Ncm torque driver, the mean marginal
discrepancy of the frameworks was reduced an average of
69% to a mean marginal opening of 12.82µm (SD±4.0µm).
Comparing the use of torque drivers with 10 and 20 Ncm
torque, the means are not significantly different from one
another. There seems to be a positive relation between the
torque used for tightening the screws and the amount of
vertical discrepancy. The results of this study compared
favorably with prior studies evaluating marginal adaptation
9,12,14,17,28.
Using a 3-D photogrammetric technique to measure
distortion of 3-unit implant frameworks and bone
surrounding osseointegrated implants, other investigators
12 showed that the mean displacement of the frameworks,
measured in the direction of the long axis of the cylinder,
was 177µm (range from 100 µm to 300µm). These levels of
distortion are higher than the levels reported in this
investigation using comparable screw preload. However,
variations in framework stiffness, as well as in positions of
the implants in the different studies, may well explain these
differences. The authors also identified a vertical movement
of the implant head up towards the framework, of a mean
magnitude of 123µm (range 60µm to 200µm). Consequently,
by considering both the flexure of the metal frame, as well as
the bone strain, they assumed that gaps, even wider than
100µm, could somehow be closed in clinical situations by
means of tightening the bridge locking screws.
In the present investigation, the vertical movement that
narrows the marginal gaps probably occurred because of
the displacement of the frameworks in the direction of the
cylinder, since the index model used as an implant receptor
for this in vitro study was fabricated using a thermo-
activated acrylic resin that does not have the same flexural
behavior as the human bone. The mean displacement of the
frameworks measured in the direction of the long axis of the
cylinder was 21.85µm after the use of the 10Ncm torque-
controlling device, and 28.74µm after the use of the 20Ncm
torque-controlling device.
The accuracy with which persons can achieve a specified
torque (10, 20 and 32Ncm) on the appropriate implant
component with hand-held screwdrivers has been examined
3,8,22. The investigators found a wide variation in the ability
of clinicians to perceive torque. These studies indicated the
unsteady torque that hand-held screwdrivers may apply.
The results observed in the present study support the fact
that marginal misfit investigations, in which screws are
fastened by hand, always by the same investigator, until
the first resistance is met 27,28, allows a more real fit evaluation,
since no attempt is made to narrow the vertical misfit gaps.
However, it seems to be a risky protocol, due to the difficulty
in standardizing the screw tightening procedure prior to
microscope measurements 3, 22, 25. The fabrication of a special
torque driver to reduce the lower torque, as previously
suggested 23, may standardize the screw tightening without
considerable influence on the vertical misfit gaps. Future
research may be directed towards evaluation of this method.
The popularity of base metal alloys (nickel-chromium
and cobalt-chromium) has dramatically increased in recent
years because of their advantageous mechanical properties
and due to the high cost of gold and palladium. The superior
yield strength (resistance to permanent deformation), and
higher elastic modulus (rigidity) allow a more uniform stress
distribution within the framework, providing a more efficient
and durable load transfer. The use of a more rigid material
for the framework of osseointegrated prosthesis decreases
the stress within the prosthesis retaining screws. This
probably means that the high resistance of the framework
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to bending reduces the risks of mechanical overloading for
the retaining screws, especially for the cantilevered
superstructures 20,26.
Based on previous articles 5,11,16,19,28, which indicated a
certain biological tolerance for prosthetic misfits in the living
bone, the vertical gaps recorded in the present study, using
torque drivers with 10 and 20Ncm, would probably not be
clinically distinguishable, and would not lead to clinical
problems, even with the frameworks being fabricated by a
one-piece cast method instead of the soldering method
which would markedly improve the marginal fit 15,24,27.
Previous investigations found that porcelain application
had no effect on casting distortion 2,4,6,7; thus, the presence
of the ceramic would not modify the results of the present
research.
 Stress introduced into the implant system as a result of
prosthesis misfit may be present many years after placement.
This observation supports the concern for the precision of
frameworks with regard to various aspects of fatigue in the
long-term perspective. Accurate, reliable, and verifiable
methods to improve and precisely evaluate fit are still
needed.
CONCLUSION
The seating force has an important effect on the vertical
misfit measurements. The results of this investigation
showed that the use of a torque driver, even with the lowest
torque available (10Ncm), may considerably narrow the
vertical misfit gaps at the abutment-framework interface. This
significantly decrease in the marginal opening from screw
tightening is associated with higher stress in the screw-
retained restorations leading to a misjudgment of the real
marginal situation, substantially enhancing the fatigue of
the components.
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